We present a resistive plate chamber (RPC) prototype for time-of-flight measurements over large areas and at high occupancies, minimizing the inter-channel cross-talk.
The HADES spectrometer
The HADES (high acceptance di-electron Spectrometer) experiment, located at the GSI institute in Darmstadt, Germany, has been designed to improve the understanding of nuclear matter at high pressures. Its main goal is the study of the inmedium effects on the vector mesons, through the measurements of their decay into lepton pairs.
The physics program has already started with C-C collisions at 1-2 GeV/u and Au-Au collisions at 1-1.5 GeV/u are expected in the near future. To deal with the higher expected multiplicities, a new inner TOF detector for trigger levels 1 (centrality) and 2 (lepton candidate) is needed. Regarding particle identification (PID) capability, the detector must have a time resolution better than 100 ps s [1] and it must be able to work at SIS intensities of 2 Â 10 7 Hz; implying rate densities up to 700 Hz=cm 2 in the case of Au-Au at 1.5 GeV/u. Timing resistive plate chambers (RPCs) offer a very promising solution, providing a sufficient time resolution at the required counting rate and affordable cost (Fig. 1 ).
Timing RPCs
RPCs are a 23-year-old technology [2] , but only 4 years ago was it shown that it is possible to use RPCs for precise time-of-flight measurements at normal conditions of pressure and temperature with inexpensive materials [3] . There are already several experiments foreseeing or working with timing RPCs such as ALICE [4] , FOPI [5] , HARP [6] or STAR [7] .
Cross-talk in high-occupancy environments
Simulation indicates that the occupancy per cell should be at the level of 20% in the most unfavourable scenario. Roughly speaking, once there is a hit in a given cell, in a fraction P occ of the cases there is a second hit in the same cell and also in at least one of the neighbours with probability N neighbours Â P occ : If these 'neighbour hits' interfere with the 'interesting' hit (cross-talk) the performance of the detector may deteriorate for a large fraction of the hits, potentially introducing complex systematic effects on the measurements.
Shielded RPCs
To avoid potentially troublesome cross-talk we have proposed and tested the shielded RPC layout ARTICLE IN PRESS shown in Fig. 2 , resembling the original idea suggested in Ref. [9] . The chambers are constituted by 2 Â 60 cm 2 large, 2 mm thick aluminium and glass electrodes, the latter being left electrically floating [10] for easier construction. Each RPC cell is shielded in grounded aluminium boxes (for details see Ref. [11] ).
Measurements

Physical environment
We took data at the GSI SIS facility for primary interactions of C ions at 1 GeV/u. For the reference time, we used a scintillator system of resolution equal to 25 ps s; which allowed to precisely measure the intrinsic resolution of the RPC and also the gb distribution of the incoming particles, yielding the energy deposition distribution. It was estimated that at least 5% of the particles deposited at least by a factor of 2 more energy than minimum ionizing particles [11] .
Cross-talk
Despite previous experience of cross-talk levels around 85% between neighbouring strips for long detectors [8] , we observed an excess of events of only 0.4%/neighbour due to the adequate shielding. As expected, the probability that a signal induces cross-talk is higher for larger signals (mostly from streamer discharges).
However, the definitive test is to measure the possible degradation of the time resolution performance in the case where there are two hits almost simultaneously in neighbouring cells. Due to the low multiplicity of carbon collisions the probability of having 'neighbouring hits' was only 1.2%/neighbour. However, a sample of around 1300 of such events was collected with the ARTICLE IN PRESS corresponding unbiased time distribution shown in Fig. 3 . It is also shown that there is no correlation between the time difference between both hits and the time measured in the 'interesting' channel.
Rate behaviour
The behaviour of some relevant observables is shown in Fig. 4 RPCs similar to the ones used are known to yield efficiencies up to 99.5% [12] , suggesting that the measured efficiency was dominated by geometric losses. The observed intrinsic inefficiency of 13% is compatible with the 15% expected for perpendicular particle incidence (1 À ¼ dead zone/active zone ' 3 mm=20 mm ' 15%). This effect suggests the adoption of a 2-layer scheme, which would provide the extra benefit of easier mechanical construction and redundant information useful for calibration purposes.
The use of thinner or slightly less resistive glass would further extend the counting rate capability and will be investigated in the future.
Homogeneity and calibration
The detector has shown good homogeneity along the longitudinal dimension (Fig. 5) . The position resolution was measured to be below 6 mm s; with systematic shifts of the distribution below 2.5 mm. These facts demonstrate the mechanical robustness of the design and the negligible effect of the nylon monofilaments used as spacers [11] .
In timing RPCs the measured time must be corrected for the time-charge correlation that is always present [8] . Additionally, in any system, all timing signals must be guaranteed to be isochronous by adequate comparisons among themselves. All these procedures together are called calibration. In practice, this operation must be performed with some periodicity since the detector-related time lags most likely depend on environmental conditions.
In the present case it was found that:
(1) The time-charge correlation is well described by a simple two-segment linear fit in time vs. log(Q) representation. This can be particularly interesting for on-line purposes. (2) The parameters of the fit can be obtained from any single position along the detector and used elsewhere. (3) The time measured with two independent RPCs can be used to determine the parameters of the fit without the help of any auxiliary detector; we call this concept self-calibration and describe it in Section 3.4.1.
ARTICLE IN PRESS
Self-calibration
The time difference between two independent RPCs placed close to each other and measuring the same particles is a function of both RPC charges only (Fig. 6) . To derive the time-charge calibration for RPC 1 , for instance, we keep only a ARTICLE IN PRESS narrow range of Q 2 close to the charge distribution maximum and fit the points DtðQ 1 ; Q 2 Þ by a mosaic of two bilinear patches, yielding the required linear correction segments for RPC 1 .
For the data shown in Fig. 5 the second RPC was simulated by data taken from an independent run at a single location chosen arbitrarily.
Conclusion
We have presented a shielded timing RPC design for large areas, with time resolutions of the order of 75 ps s; good uniformity and negligible cross-talk.
The performance parameters change with the counting rate in the following way: ¼ In order to meet the problem of the geometric inefficiency arising from the needed shielding space we plan to study a geometry in 2 layers, allowing for easier construction, redundancy and the possibility of self-calibration of the system.
The test was made under the conditions expected for ion collisions at 1-2 GeV/u, showing that an admixture of a few percent of highly ionising, low-energy particles does not significantly affect the performance of the timing RPC detector.
